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1. INTRODUCTION.

I1 is proposed in the present connuunication to intiate the
publication of a series of papers dealing with narsupial
embryvology.  The facts and interpretations embodied will be
based on result of an investigation into an amount of mar-
supial material now collected in the Biological Laboratory of
the CUniversity of Tasmania and fairly representative of the
Tasmanian faura.

It 15 evident that any attempt to solve the phylogenetic
problems presented by the mammalian group without having
at our disposal a large number of the facts relating to the
morphology and embryology of the Metatheria will be
extrenmely unsatisfactory.

Yet in the not very distant future, with the spread of settle-
ment and the almost incredible devastation caused among
these anmals by fur-hunters and trappers—a depletion but
little compensated for by restrictive legislation--it may be
considered certain that the connected stages necessary for the
elucidation of their intra-uterine development will be practi-
cally unobtaimable.

In this connexion 1t may be instructive to quote the words
of Hubrecht (1909). who savs, in discussing placental arrange-
ments in the Marsupialia. that *the early ontogenetic events
and the different phases in the mutual relation of the blasto-
cyst and mucosa ought to be tully known in order to furnish
us with all the data that can be brought to bear on this nmpor-
tant question. And it 1s to be fervently hoped that those
genera that arve very rapidly diminisining i their native land.
some of themn even on the verge of disappearance, may yet
be fully investigated before they have been exterminated,
and have thereby become as mute on thiz nuportant point
as are their fossil predecessors.”

Of such disappearing genera two mayv be mentioned, T'hyla-
cinus and Sarcophilus. both certainly primitive in
the morphology of their genital organs, and for that reason
alone possessing important possibilities with regard to their
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mtra-uterine nutritional arrangements.  Both genera are
absolutely on the verge of extinction. The intra-uterine
development of Thylaeinus will probably never be known,
and 1t is extremely unlikelv that detailed investigation will
be possible in the ease of Sarcophilus.

Under these eircumstances it 1s a pleasure to acknowledge
gratefully any help extended towards an investigation of the
ontogenetic and phylogenetic relationships of this fast dis-
appearing fauna.

First, m this way, 1 mnst express my most grateful thanks
to the Trustees of the John Ralston Bequest and partienlarly
to their'chairman, Dr. L. G. Thompson, these gentlemen having
placed at the disposal of the University of Tasmiania a sum of
money to be used chiefly 1 marsupial investigation. It is
mainly by their financial aid and unswerving support that
the important collection of embryological material in the
University of Tasmania has been brought together.

Secondly, I am mdebted to the Committee of the British
Association for the Advancement of Secience, who, at their
Australasian meeting m 1914, placed at my disposal a grant
with the object of procuring material for the study of the brain
and embryology of marsupials. ‘

The preliminary portion of the examination of the material
of the present paper was carried on m my own laboratory, but
lack of facilities for consulting almost all the literature, and
other disadvantages of 1solation in Tasmania, led me to consult
my old friend Professor 5. .J. Johnstone as to the possibility
of aceommodation m one of the labhoratories of the University
of Sydney.

This was arranged and the work was carried on under these
altered conditions.

Still more recently, by the courtesy of Professors Ihill and
Watson, I have been accommodated at University College,
London. T am indebted to the Senate of the University of
Sydney and to the Research Committee of that University
for a grant from the McCaughey Dequest to defray the cost
of the plates illustrating this paper.
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Finally, T must not omit to pay a tribute to the friendly
interest whiehi lias been shown in myv work by my former
teacher, Professor W. A. Haswell, who has been always ready
to help with kindly eriticism and adviee. To Inm. also, T am
indebted for the loan of literature otherwige inaccessible to me.

2. Review axp Crrricism or Previous Work,

The discovery by Hill of a true allantoie placenta in the
two forms. Perameles obesula and nasuta, was of
the greatest importance in regard to the phylogeny of the
marsupial group and its relationship to the remainder of the
mammalia.  The actual plicental material, upon which Hill
was able to base his conclusions, eonsisted of three stages.
The first of these, Stage C, concerned an embryo 7 mm. long.
This was followed by a Stage D describing the placental con-
nexion in embryvos S to 875 mm. long. In a subsequent
paper Hill deseribed the similar phenomenon in a 12-5 mm.
embrvo whieh was also designated D, For the sake of elearness,
when speaking of these stages. I will desiguate them by their
length in each ease.

In his earliest (7 mm.) stage the fixation of the embryo was
already completed and the allantoic placenta was well on the
way towards being fully established.

From an examination of these three stages Professor Hill
showed that the epithelum of the uterus becomes converted
into a vaseular syneytinm, the nuclei of which arrange them-
selves in groups in the lower portion of this layer. ‘At the same
tinte maternal capillaries pass up between the synevtial lobules,
penetrate the syneytial protoplasm, and form a network on
and just beneath the surface ™ (1897, p. 357).

The fixation of the embrvo ts brought about in the usual
way by means of the chorion. The ectodermal portion of this
membrane, by which actaal approximation of the foetal
membranes to the uterine wall is first achieved. consists of
a single layer of large cells by means of which the attachment
is brought about.

With the somatic mesothelial layer of the chorion, the
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gplanchuic mesoderm of the allantois fuses, and the vessels
ramifving on the surface of the allantois thus come to lie
mnmediately below the layer of true chorion. Up to this point
the development of the placenta may be regarded as being fairlv
typical. but. from now on. the development of this organ,
according to Hill's account, results in the appearance of such
structural peculiarities and modifications as to give rise to the
general mupression that the placentation of Perameles.
at any rate as concerns Its more imtimate development. is
without parallel in the whole mammalian group.

The allantoic placenta is completed * by the gradual degenera-
tion and resorption of the enlarged chorionic ectoderm cells
over the placental area proper. These cells thus take no further
share in placental formation.” The result of this is the close
apposition of maternal and foetal blood-vessels, the two blood-
streams being ‘now only separated by their thin endothelial
walls and perhaps a thin layver of syneytial protoplasin ™ (p. 383).

A volk-placenta i1s present, formed by the close apposition
of the vascular area of the volk-sac to the highly vascular
uterine synevtium outside the allantoic placental area.

It 1s not necessary at this stage to enter into any diseussion
as to the significance of the presence of an allantoic placenta
in Perameles other than to indicate that it has been
definitely accepted by most embryvologists, that there 1s now
no reason to doubt the common origin of Metatheria and
Eutheria from a primitive placental stock. Hill savs 1t 1s
‘ exceedingly umprobable that an allantoic placenta should
have been twice independently acquired and in such a funda-
mentally similar manner within the limits of the mammnalian
class * (p. 433).

Now, outside the intrinsic interest of the presence of an
allantoic placenta in a member of a group formerly regarded
as aplacental. it would be expected, on a priori grounds,
that the occurrence would be of importance in elucidating the
phylogeny of the mammalian placenta or. at least. in giving
us some means of arriving at a definite tdew of the method of
placental formation in the original protoplacental group.
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It need hardly be said that in these respects the placentation
of this animal, as interpreted by Hill, is extremely disappointing.

The combination of a persistent uterine syneytium with
a degenerating chorionic ectoderm is without parallel in the
Futheria, and any attempt at a comparison of the placenta-
tion of the two groups results in a deadlock.

Althongh Hill's results have been accepted by many, never-
theless Hubrechit (1909) ventures to question whetlier, morpho-
logically, the placenta of Perameles will not prove on further
imvestigation to he more comparable with some one or other
of the various placental styles found i the Futheria. And
that there 18 some foundation for Hubrecht’s opinion is un-
doubtedly apparent from an examination of Hill’s figures
alone.

Before passing to a consideration of this question it will
perhiaps be necessary to have before us a short account of some
special details of the placentation of this marsupial as deseribed
by Professor Hill.

His most mmportant and pecnliar point concerns the history
of the foetal ectoderm. The portion of this wlneh 18 concerned
in the fixation of the embryo is said to disappear alnost
completely, being represented m the 12:5 nnn. stage by a few
scattered cells in the original ectodermal position. The dis-
appearance 1s stated to be of the nature of a degeneration, this,
apparently, not hemng inaugurated until the allantoic attach-
ment hag taken place and the allanto-chorionie fusion com-
pleted. In the earliest placental stage (Stage (', 7mm.) the
allantore placenta 1s already on the way towards full establish-
went, the allantoic vesicle being already attached to the cliorion
by its placental face. Ixeellent figures are given of this stage
(1897, Pls. xxix and xxx, figs. 5 to 12).

At a later stage (DD, embryos §-5-75 mm.) the ectoderm has,
apparently, almost completely disappeared. In the deseription
of Stage C, it is stated that the cells towards the central portion
of the foetal ectoderm are * of a very varying size and shape,
and, m places, through the disappearance of the outlines
between adjacent cells, large multinucleate cells have Dheen
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formed. . . . In many of the ectoderm cells shown m fig. 9
the nuclei are also seen to be in various states of disintegration.
Many of them stain only slightly ; the nuclear membrane is
becoming indistinet, while the ehromatin is found broken up
and diffused i the form of small granules thronghout the
delicate nuclear reticulnm. Eventually the position of the
nuelens is only marked by a few straggling irregularly thickened
remnants, which finally become diffused throngh the proto-
plasm and lost to view ’ (p. 404). [Italics mine.]

In this stage (embryos 8-8-75 mm.) the ectoderm is repre-
sented centrally, ~only by more or less isolated degenerating
cells * (p. 413).

In the 12-5 mm. embrvo Hill states that " over the placental
area usually single, much degenerated. and deeply-staining
chorionie ectoderm cells are still to be found * (15899, p. 9).

From the above 1t appears that one of the causes of the
disappearance of the ectoderm 1s the loss of the chromatie
constituents of the nucleus, these being absorbed into the
surrounding cytoplasm.

As to the other possible reasons for the presumed degeneration
and disappearance of this ectodermal layer, Hill states further
that, in some cases, ‘ the imer ends of the cells are greatly
vacuolated, o fact which suggests that a process of vacuolation
may also play a role in the retrogression of the chorionic
ectoderm * (1897, p. 404).

Further, referring again to this layer, he 1s “inclined to
believe that the allantoic capillaries, so closely related to its
inner surface, are by no means the least active agents in effecting
its removal. Of direct fusion of the degenerate ectoderm ioith
the underlying syncytium therve can be no question. All the facts
negative such a view’ (1897, p. 404). [Italics mine.]

From the above it appears that Hill is of the opinion that
the layer of chorionic ectoderm disappears, and that the
following processes mmutually assist in cansing this removal :

(@) Degeneration in situ with or without vacuolation.

(b) Removal by allantoic capillaries with or without previous

degeneration.

NO. 265 K
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Thus it is definite enough. according to Hill's views, that
the chorionie ectoderm takes no share in the formation of the
placenta proper.

The completion of the placenta is brought about by the allan-
toic capillaries coming into intimate relationship with the
maternal capillaries ramifyving on the surface of the maternal
svneyvtium.

The above 1s, [ am melined to think., an accurate précis
of Hill's results. His interpretation of the facts and his
strongly-expressed opinion that there is nothing of the nature
of a fusion between the foetal ectoderm and maternal tissue
has given rise to the idea—almost generally accepted—that
the placentation of Perameles is of “a peculiar type not
met with anywhere else * (Jenkinson, 1913, p. 216).

The correctness of Hill's conclusions has been questioned by
A. A. W. Hubrecht m his famous essay on ° The Harly Onto-
genetic Phenomena in Mammals * (Hubrecht, 1909).

Hubrecht’s eriticism:—

The opinion of this gifted investigator was arrived at evidently
on somewhat theoretical grounds, but he was confirmed in his
ideas by an examination of material placed at his disposal by
Professor Hill. It is nunportant to understand Hubrecht's
standpoint thoroughly, because, in my opinion, it is to soime
extent justified. He believes that the foetal ectoderm, so
far from disappearing, penetrates into the maternal syneytium
to form a ‘mixed syneytium °, corresponding to what Schoen-
feld has described (1903) for the dog. *The Perameles
placenta may be said to be a somewhat simpler—because
thinner—form of placenta than that of the Carnivora,
but at the same time to approach more closely to that type ;
whereas amongst the Insectivora, Sorex provides us
with an example of a yet more extensive prohiferation of the
material uterine epitheliun before the allantoic attachment
of the blastocyst comes about than even Perameles.
At all events, the placentation of Perameles, characterized
by so intimate a fusion hetween foetal and maternal elements,
should never be classified amongst those forms of placenta
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wliuch are etther primarily primitive (as yet unknown to us)
or secondarily simplified (Ungulates, Lemurs. Cetacea.
&e.) 7 (1909, p. 117).

With similar material before each of them hardly could two
authors come to more different conclusions. Whereas Hill 1s
of the opinion that there is no interfusion of maternal and
foetal tissues other than that caused by the intergrowth
of allantoic tissue—which is comparatively insignificant—
Hubrecht is just as emphatic that an invasion of the maternal
syneytium by the foetal chorion does oceur and that therefore
the type of placentation in Perameles corresponds closely
with that of some of the Eutheria, notably the Car-
nivora.

Interpretation of Professor Hill's Figures:—

Without as yet adducing any evidence from my own material,
[ may be permitted to sayv that from the evidence of Hill's
figures alone there appears to be a considerable defence for
Hubrecht’s standpoint in this matter.

According to Hill’s account (1897, 1899) the histology of the
placental area is extremnely simple. With the exception of the
syneytial nuclei. endothelial nuclel, and leucoeytes, the only
elements of this region are the cells of the foetal chorion,
which in no case enter into the constitution of the placental
thickening but degenerate and disappear.

With this interpretation before us it will be possible to
proceed to examine his figures, particularly those of Pls. xxix
and xxx, figs. 7. 8, and 9 (1897), representing portions of the
placental area with the chorionic ectoderm attached. These
tigures are all representative of Stage C (7 mm.).

As Hill has shown, there is & marked difference in the condi-
tion of the chorionic layer dependent more or less onits distance
from the centre of the fixed area. In general terms it may
be stated that the farther from the centre of the attached area
the less alteration is evident.

BExamining Pl xxix. fig. 7. representing the edges of the
placental area of Stage C, it will be seen that the ectoderm is

Kk 2
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almost intact thronghout. At certain localized points, however,
the ectodermal cells are deeper than the average. Some cells
have become multinneleate and the nuelel are in many cases
situated basally. such cells being deepened considerably com-
pared with their original condition. Below the ectoderm the
synevtial nuclel are arranged in their lobules.  These nuclei
are rounded, and although membranate the chromatic contents
are sparc. BEach nucleus containg usually a  well-detined
nncleolus.  Exammation of the syneytial nuelei of the extra-
placental area shows that the suppression of the chromatin
contents and the presence of a single rounded nucleolus is
a general characteristic. Fven with iron-haematoxylin staining
only a very faint network can he made out. It is quite other-
wise with the nuclei of the cells of the ectoderm layer. A refer-
ence to Hill's PL. xxx. fig. 9. will serve to show that the nuclei
of these cells contain quite a well-developed chromatin network
with & number of karyosomatic aggregations. even as many as
half a dozen in some cases. Further. these nucler are seldon
spherical, but irregularly elliptical. ovalish, or lenticular, and
generally of large size.

The difference in shape and histological echaracteristics
between these and the syuevtial nuclei 1s most warked, and
in my preparations they can immediately be distinguished from
one another.

Bearing in mind, then. the difference bhetween the rounded.
bead-like, maternal synevtial nuelei—* typical resting nucler —
now congregated i groups in the syneytial lobules whether
within or without the placental area—and the more robust
layer of irregularly-shaped nuclei of the foetal ectoderm. each
with its network of easily-stained chromatin, it will be possible
to follow ont their migration and rearrangenient ina general way.

In Hill's Pl xxix, fig. 7. which represents a marginal
portion of the placental area with the chorion attached (embryo
7mn.), the foetal ectoderm (ch.ect.) 1s apparently complete
and unbroken, while on the lower side of the figure are
the syneytial lobules containing groups of syncytial nuclel.
Between these two sets of elements are to be seen a number of
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nuclei of the origin of which nothing is satd by Hill.  Apparently
he leaves it to be inferred that they are of the nature of synevtial
nuclel which have not yet reached the lobules.

In my opinion it 1s quite definitely indicated that these nuclel
originate from the foetal ectoderm through its active prolifera-
tion, and such centres of proliferation are to be seen in this
figure. It needs. I think. no other evidence than that of Hill's
fig. 7 to show conelusively that such a process of proliferation
18 11 progress.

Any possible doubt, however. must be dispelled by an
examination of fies. § and 9 of Pl xxx of the central portion
of the placental area. These are drawn at a greater magnifica-
tion than fig. 7, and show the features I have indicated above
with more certainty. [ cannot see that any other conception
than the one T have suggested can be possible.  Particularly
is this evident in the case of fig. 9. Here a most active prolifera-
tion and migration of the chromatically rieh trophoblastic
nuelel 15 quite apparent.  Thev have so far advanced as to
invade the synevtial lohules.  In the latter position the original
maternal epithelial nuelei are being overwhelmed by the ad-
vaneing ranks of foetal nuclei. In some cases but one or
two trophoblastic nuclei have entered the syneytial nests: in
extreme cases maternal syneytial nuclei appear to be entively
absent, their place being taken by the newly-arrived, evidently
phagoeytic, foetal nuclei. Omne result of this is that the original
c¢horionie ectoderm is now 1o longer a perfectly discrete layer.
Another is the inelusion of the maternal capillaries by the eyto-
plasm of the advaneing trophoblast and their consequent
approach towards the stratum of allantoic capillaries,

The above statements being granted, it will be easy enough
to apply the new imterpretation to the remainder of Hill's
stages and figures. To the further consideration of this T will
return in the deseriptive portion of the present paper.

(tland Alteration.—There ix still. however. one point to
which I would like to draw attention at this stage. It coneerns
a drawing of a gland in Pl xxxi. fig. 15, one of Hill's many
figures in which a gland is depicted. T the whole of the paper.
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no mention is made of any gland alteration. nor would any such
be likely to ocenr nnder Hill’s conception of a degenerating
chorion with a passive syneytimm—yet distinet traces of snch
alteration is evident in this figure. It will be seen that np to the
point whece the gland enters the presumable syneytium its
epithelinm consists of the somewhat low cubical cells so charac-
teristic of many of the glands of this stage. Irom this point to
the opening of the gland, however, there is abundant evidence
of degeneration. Apparently this consists of a syneytialization
similar to—thongh not as marked as—that oceurring in the
Carnivora. It was the evidence of this phenomenon in nyy
own material which first drew my attention to the possibility
of the ocemrrence of a more complex process in Perameles
than was deseribed by Hill, and in itself lends sufficient colour
to the view I have expressed above that there is something
more to be reckoned with in the placentation of this animal
than a simple degeneration of the foetal ectodern.

Accepting the fact that the trophoblast of the placental area
m Perameles proliferates and that the nterine epithelium
after a preliminary preplacental extension remains afterwards
passive, then we can conie to the conclusion that placental
phenomena in Perameles can now be brought more or less
into line with similar phenomena in the Eutherian mammals.
Here, further, I may be allowed to state that I will be able to
show by the aid of my own material that the ehorionie eetoderm
after attachment proceeds to form by proliferation two
structures :

(¢) a plasmodiblast, plasmoditrophoblast, or
plasmodium,
(b) a cytoblast or cytrophoblast,
and that Hill failed to recognize the presence of the plasmodi-
blast nueclei, the structure which he calls the ehorionie ectoderm
being really only the cytoblastic portion of that layer.

3. MATERIAL.

At my disposal for the examination of the foetal membranes
of Perameles, T have two intra-uterine stages hoth of which
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are lmportant. The yvounger one, a specimen of Perameles
obesula.shows the first fixation of the chorion : the older one,
which belongs to the Tasmanian form, P. gunni. is o stage
in which the first attachment of the allantois is in progress.

Both specimens were preserved m Hill’s tluid (piero-nitro-
aceto-osmic). Sections were stained, sometimes with Ehrlich’s
haematoxylin, sometimes by the iron-haematoxylin method.
counter-stained i each case by means of eosin.

In addition, I have been able, by the courtesy of Messrs.
L. Harrison and K. A. Briggs of the Zoological Departnient
of the University of Sydney. to refer to several excellently-
preserved sections in the collection of that department and
representing some of the material mounted by Dr. Hill of the
stages described in his paper. This very important collection
is as follows :

Perameles obesula, 7mimn. stage, one microscope shde
containing one representative section of the uterine wall.
showing the placental and extraplacental areas and the attach-
ment of the allantois.

Perameles obesula, 125 mnn. stage, one shide with five
sections similar to the above.

Perameles nasuta, post-partum stage, one shde with
one section.

All the above are stained with haematoxylin and eosin.

Hill's Stage D, representing embryos S-8-75 nim.. is, unfor-
tunately, not represented in the Syduney University collection.

4. TERMINOLOGY.

The expressions © omphalopleure 7, * vaseular omphalopleure 7,
and * bilaminar omphalopleure * first nsed by Hill are so con-
venient and expressive as to need no apology for their continned
employment.

The term ¢ chorion * or ¢ trune chorion’ will be used by me
in the same sense as by Minot and Hill to indicate that part of
the extra-embryonic somatoplenre which remais after separa-
tion of the amnion.

T will follow the example of most embryologists 1 using
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Hubreeht s term * trophoblast © for the outer ectodermal layer
of the mammalian blastoevst without, however, associating
it with the more recent theoretical and hypothetical weaning
with which Hubrecht has immvested it.

T shall also use Minots expression ‘trophoderin * for that
portion of the trophoblast which proliferates and enters into
relationship with the maternal epithelimm. As will be seen
later, this, in Perameles, undergoes changes comparable
{o those occurring in the Eutheria. Smlarly we find
a complementary strueture, the maternal * trophospougia *, nsed
to indicate (Hubreeht. 1909) “maternal cell proliferation,
specially intended for the fixation of the blastoeyst °.

5. Descrirmive AccouNt or MATERIAL.
Stage 1. Perameles obesula, 6-1 mwm.

This iz perhaps the most important stage which has yet
been examined in the placentation of Perameles. Its
investigation  definitely  shows  the fundamental connexion
between the placentation of this ammal and that of the
Eutheria.

The specimen of Perameles obesula. on the examina-
tion of which the following account is based. was trapped by
myself some miles from a small town in the Tasmanian midlands.
Tt had apparently been dead in the trap for about an hour, but
no sign of post-mortem change was to be detected. Tt was
dissected on the spot and both uteri were found to he swollen.
Conditions at the time made any dissection of the uteri imadvis-
able. They were opened slightly and placed in fixing solution
(Hill's fluid).  Tater detailed examination showed that the
nterus of the right side was pregnant, but. unfortunately,
the delicate foetal membranes had been somewhat damaged.
The general condition was that the chorion was already
attached to the uteriue syneytium over a small area, but that
the allantois had not vet come into relation with the conjoint
layer so formed.

Pregunant Uterus.—This was found to contain an
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embryo of 6-1 mm. direet length, attached to the uterine
epithelium by @ portion of the true chorion.

In the uterns the allantoic placental arca at this stage is
distinguishable by the fact that its surface 1z marked by folds
noticeable at once by their depth and distinetness.

To one of these folds the foetal trophoblast 15 attached.

Sections show that the nterine epitheliun has become con-
verted by loss of cell outlines and by proliferation and migra-
tion of the nuclel into a synevtinm as described by Hill.

I will proceed first to give a deseription of the maternal
structures afterwards passing to those more concerned with the
embryo,

Morphology of the Svueyvtiuwm.—This varies greatly
in character according to the locality i the nterus. Over the
main wall of the uterns the syneytinm is thin. 0-035 mm., while
in the region of attachment of the trophoblast it measures as
near as can be judged about 0-07 mumn.

In the allantoic placental region it 15 that the complexity
of the syneytium has reached its maximuni.  Here, as Hill
has already shown and as happens over the remainder of the
uterus to a less degree. the nuclel of the original epithelum
have proliferated and migrated to the deeper portion of the
layer, which has now markedly thickened. The result is the
formation of a synevtinm in which the deeplv-situated nueler
assime a particular form and arrangement.  These nuclei
become aggregated mainly in ronnded masses or nests situated
in lobular projections of the synevtial protoplasm.  The lower
surface of the synevtium hax a wavy appearance due to the
presence of these lobules.

The syneytial nuclei at this stage are rounded with a well-
defined membrane. a distinet nueleohis and indefinite chromatin
network which, however, is slightly more evident than it 1s in
later stages.  Their lack of staining qualitics makes them eastly
distinguishable from the newlv-formed trophoblastie nuclel.
Careful investigation of the arrangement of the epithelial nueler
in cach lobule shows that, when finally at rest. they are more
or less definitely arranged round a central cavity. This arrange-
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went s, in many cases, somewhat irregular, as 1 shown in
figs. 1 and 2 (cav.). but a glance at the further fig. 3, which
depicts quite @ common arrangement, will show that in many
ases the synevtial nuelei come to forin o more or less defimte
layer round the central space.

The latter hecomes flled by infiltrated lymphatic material
(fig. 3, inf.), which in fact 15 copiously distributed throughout
the syneytinm in and between the lohules. At this stage also
the syncytinu is well vascularized. each capillary being enclosed
in its delicate endothelial layer. Endothelial cells and leuco-
eytes are a well-marked feature of the syneytium. They will
be referred to in more detail later on.

The synevtium ountside the allantoic placental area gradually
decreases in thickuness.  In the region opposite the bilaminar
omphaloplenre the arrangement of the nuclel is essentially in
groups similar to those of the placenta area, yet these aggrega-
tions are not so distinetive nor so individual as in that area.

This portion of the uterine epithelinm is also extremely well
supplied with capillaries, many of which reach the surface.
Lymph also finds 1ts way into the nterine lumen through the thin
portions of the uterine epithelium between the ill-defined
syneytial nests.

Leucoeytes are also present m this region but not nearly so
plentifully as in the allantoie placental area.

temainder of the Mucosa.—The main portion of this
consists of the much-branched connective-tissue cells, the
branches of which are extremely delicate and contain in their
meshes abundant lymph material. In the stroma are contained
glands and blood-vessels, and around these the connective tissue
15 condensed to form a thin investing layer.

One feature of this stage is that the glands in the allantoic
placental region are narrower and more closely packed than i
the remainder of the mucosa. No doubt proliferation of the
glands has occurred, their length has inereased, and their
courses heconie more tortuous without there being as yet
a sufticiently accommodating increase in the thickness of the
mucosa. They measure in this region, on the average, -05 mm.
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in diameter while outside this region the average width is
0-065 mn. A result of this is that the mucosa of the former
region has a more compact appearance than in the latter.
Another feature to which attention should be drawn is the
presence of at least one branched gland, a photograph of which
is shown in fig. 10 and an outline, obtained by superimposing
a number of sections. in Text-fig. 1. This figure by no means
represents all the branches of the gland. This, I believe. is the
first record of any but simple glands i1 the marsupial uterus.

TEXT-FIG. L.

.

Diagram of a branched gland from the uterine mucosa of
Perameles.

In all cases the glands in thew lower portions are narrower
and more coiled than in the upper. where in general they widen
out and retain their epithelinm unchanged up to the point of
opening into the uterns. This latter characteristic, however.
is not shown by glands opening into that portion of the syne
cytiwm to which the chorionic ectoderm is attached.

The gland epithelium is of the nsual character, consisting of
a single layer of cells with peripherally situated dark-staining
nuclei. The secretory activity of the glands 1s most marked.
particularly in the allantoie placental area. Migrating through
the glandular epithelium, to be added to the seeretion, are
numbers of lencocytes.

Abundant in the connective tissue of the placental regions are
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cells containing pigment m the form of black streaky and
oranular deposits.  These eells oceur thronghout the whole
wall of the uterus. They are very abundant in the serosa
and are found distributed throngh the musenlaris, the connec-
tive tissue, and the glandular epithelimm.  Such pigmented
cells have often heen noted in the virginal and pregnant uteri
of Kutherian mannnals,

Foetal Structures.—In general the wrangement and
Listology of the foetal membranes are in agreement with the
deseription given by Hill, und [ find 1 can add nothing of
importance to his deseription of these structures.

Allantois.—The vesicular portion of this is a somewhat
Hlattened body. taking, however, a curved shape eorresponding
to the dorsal curvature of the trunk of the embryo. In surface
view it is somewhat elliptical, measuring 5mm. by 3-1 mm.
The point of attachment of the stalk is placed a little nearer
the posterior than to the anterior end of the vesicle. The
difference in thickness and texture between the placental and
coelomic surfaces of the allantols 13 casily seen with the naked
eve.  The coelomic swface is an extremely tenuons sheet
bearing the larger blood-vessels, while the outer or allantoic
surface is more opaqite and abundantly supphed with a network
of capillaries derived fronr or supplying vessels which pass round
the nargin in the manuer deseribed by Hill.  For « full deserip-
tion of these allantoic vessels 1 would refer the reader to Hill's
account. The allantoic stalk has the usual relations and
structure.

Fixation of the Hmbryo.

The importance of this stage rests on the fact that, over
a very small area. the trophoblast is now attached to the
thickened maternal synevtium (trophospongia).  This
portion of the foetal ectoderm is, of course, the outer layer
of the chorion. which cousists, in addition, of somatic meso-
derm.  The latter is a thin wmesothelial layer consisting of
Hattened cells with oval, somewhat deeply-staining, nuclei.

The chorionic ectoderm typically consists also of a single
cell-layer as it undoubtedly does in the marginal free portions.
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Over the area of fixation to the nterme syneytimm. however,
an important and highly sigmficant alteration has been im-
pressed upon the ectoderm by which it beconmes converted into
a typical trophoderm (Minot) or ectoplacenta (Duval)
so characteristic of this layer in the Kutheria.

At certain points m this portion of the trophoblast, cell
proliferation takes place. The cells of the original layer divide
to give rise to nucleated groups in which the cell outlines have
disappeared. These cytoplasmic aggregations possess an
irregular contour due to the presence of psendopodial pro-
cesses, so there 1s distinetly present here a layer definitely
homologous with the plasmodial structure (plasmodium,
plasmodiblast, or plasmoditrophoblast) so charac-
teristic of the placentation of the Eutheria. The appear-
ance of the plasmodiblast at this stage is shown in figs. 4, 5,
and 6. At various points the plasmodial nuclei invade the
uterine syncytium. The soldering of the foetal trophoderm to
the maternal syncytium is brought about by the above-
mentioned pseudopodial processes, in the meshes of which
numerous spaces are enclosed. The remaining basal cells of the
trophoblast layer form the cytoblast or cvtotropho-
blast. This is by no means at first a definite cell-layer. It
1s apparently not till a little later that the basally-sitnated
nuelei divide in a regular way to form the more definite cellular
layer known as the cytoblast.

A point of the greatest significance. and one to which I shall
later rvefer, 1s the fact that the localities of proliferation are
determined by the presence of the syncytial nests, and it 1s
into these that the plasmodial masses pass. Fig. 4 shows this
phenomenon, while it is also indicated in fig. 8, in which,
however, the nests are not quite ent centrally. The etfect of
the growth of the attaclied trophoblastie cells on the maternal
structures is shown in figs. 4 and 7. In fig. 4 the chorionie
ectoderm cells show hut little departure from their original
linear arrangement, hut have alrcady hegun to give off pseudo-
podial processes which inmmediately phagoeytically attack the
syneytial nuclei of a neighbouring syneytial lobule, only part of
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which latter is shown 1t the drawing. Only the nuclei of the
nest outside the range of attack are seen to preserve their
original shape and structure, the others being in the state of
degeneration.  Apparently this consists in the logs of contour
through the breaking down of the nuclear membrane followed
by loss of chromatin and virtual disappearance. Figs. 5 and 6
show stages in the proliferation of the chorionic ectoderm
cells. In all cases they give the impression of thrusting forward
wedge-shaped plugs which penetrate into the aggregations of
maternal nuclei. ‘

There happens to be but one gland present in the small
area to which the trophoblast 1s attached at this stage. This
s shown m fig. 7, which depicts a section through the actual
opening of the gland. Its uterine mouth is seen to be blocked
by the overlving chorion, the ectodermal portion of which may
now be regarded as forming two distinct portions, a basal
portion, the cyvtoblast (cyt.), and a plasmodial portioun, the
plasmodiblast. The growth of the plasmodium has extended
a considerable distance, particularly on one side, where the
protoplasmic processes have caused degeneration in the gland
epithelinm cells similar to that which occurs in the maternal
nuclei.  Here, as before, the nuecleir have lost their contour,
their position in the cell-line, and their chromatin. They
decrease in size and disappear, being evidently ingested.
Further degeneration of the gland-cells is foreshadowed by
the presence of protoplasmic processes involving them. Also
in this figure will be seen remnants of syueytial nuclei and other
remains, haematids and leucocytes.

That the cells of the plasmodiblast are phagoeytic cannot be
doubted. Their effect on the syncytial and gland nuelei is
some evidence of this, but the presence of numerous rounded
granules sucl as those shown to the left of fig. 7 (ng.) and other
cellular débris makes the matter certain.

Pigmented cells are present in the trophoblast. This pig-
ment 1s black and is arranged either as minute granules or as
an aggregation of streaky lines, usually in the neighbourhood
of the nucleus.



PLACENTA IN PERAMELES 143

I'rom the above aceonnt it will be evident that the method of
fixation of the embryo to the uterine wall in this marsupial
is fundamently similar to the general tyvpe ocewrring o the
Kutheria. If, for exaauple, the figures of this stage which I
have given (figs. 4, 5, 6. 7, 29, and Text-fig. 4) be comnpared with
the essentially similar drawings of the cowmparable phenomena
recorded by Schoenfeld for the dog (1903). (PL xxii, figs. 14
to 17) (see Text-fig. 3), it will be seen that the difference in
the two forms rests mainly, in the early stages. on the hehaviour
of the nterine epithelium. This, in the dog, remains as a distinet
layer until it undergoes degeneration as a vesult of the inroads
ot the plasmodiblast.

The Non-pregnant Uterus.—This was examined in
scetions and found to have undergone changes corresponding
to those which had ocewrred i the right. The ovary of this
side, however, had a well-developed corpus Intewan. [ will,
therefore, not enter into a detailed description of the structure
of this uterus further than to mention the following :

The epithelium has developed mto a synevtinm abundantly
supplied with capillaries. many ramifying on the surface. some
of which discharge their blood by extravasation into the
lamen. A point of interest is the fact that. on the dorso-
mesial side of the uterus, the syneytinm is somewhat thickened
and the mueosa is here developed into deep folds. At its edges
this thickening passes off gradually into the rest of the symey-
tium. This thickened portion possibly represents the maternal
trophospongia.  Throughout the whole uterus the glands
show no degeneration. They are in an active state of secretion
and the inner ends of the gland-cells are torn and frayed out
throngh ahundant breaking off of cellular secretion.  Cilia,
therefore, are not to be found.

() Significance of the Uterine Syneytium
in Perameles.
Proliferation and syneytialization of the uterine epithehum
1s o well-marked feature of maternal preparation for allan-
toic placentation in many Eutheria. In many cases the
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preparatory proliferation is soon interfered with by the destrne-
tive action of the blastocyst on the uterme epithelimn,

Hill (1897, p. 393) institutes a comparison between Pera-
meles and Sorex i the matter of the proliferation of the
uterine epithelinnt.  As a consequence, however, of his belief
i1 the degeneration of the chorionie ectoderm and the
persistence of the uterine epithelimu  in Perameles he
could not carry the comparison far enoungh.

Iv Sorex, Hubrecht states that over the future allan-
toidean and omphaloidean placental areas the epithelium
undergoes a tremendons proliferation and development into
a cell aggregate of relatively great thickness.

The history of this maternal formation in the allantoie
placental area of Sorex is, I think, worthy of particular
consideration and of comparison with what happens in
Perameles. Hubreeht shows (1894, p. 492 seq.) that. in
the shrew, the muelei of the epithelial proliferation become
arranged m  fan-shaped groups at comparatively regular
distances. the centre of cach group bemg without nueclen
(1894, fig. 69).

“In the following stage ', says Hubreeht, * this arrangement
becomes converted mto a functionally more important one.
The centre of the fan-shaped strueture becomes an open crypt.
the protoplasm breaking up and the peripheral nuelei forming
the epithelial linmg of the crypt. The uterme epithelium
breaks away from under the erypt and the mner hning of the
crypt solders with the swrrounding epithelial surface at the
lower border ™ (p. 493).

It 1s quite easy to see the resemblance between the shrew
and Perameles inrespeet of the phenomenon here deseribed.
In both there 1s mtense epithelial prohferation, particularly
i the placental arca. The resulting nuelei or cells are in both
arranged in nest-like groups.  While in the bandicoot these
groups renain practically unaltered. in Sorex they are
transforined into epithelial erypts. Nevertheless, as I have
shown above, the proliferated nuelei in Perameles
take on a more or less definite arrangement as
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a laver bounding a central space. This is indicated
in figs. 1, 2, and 3, whilst in other figures, 4, 7, and 9, T have
drawn attention to the fact that the trophoblastic proliferations
bear a definite relation to the groups. Particularly in the next
stage, it will be seen that the foetal nuclei invade and fill the
nest with consequent more or less complete disappearance of
the maternal nuclei. Under these circumstances it does not
require any extraordinary stretch of nmagination to recognize
in this highly characteristic and important phenomenon the
remains of a much more elaborate system of placental forma-
tion. The conclusion is certainly obvious to me that here in
Perameles. m the formation of the peculiar synecytial
groups, there is to be recognized an abortive attempt at the
formation of crypts such as occur in the placental area of
Sorex, and further, while in the latter crvpt-building is con-
fined to the placental area, in Perameles the comparable
phenomenon occurs at all points of the uterine epithelium.
although in a lesser degree opposite to the omphalopleure
than in the placental area.

(b) General Remarks on the Fixation of
the Embryo.

Here it will be convenient to interpolate a few remarks on
the method of fixation of the blastoeyst and on the general terms
used to express the nature of the structures taking part in it.

Fixation is brought about in Perameles as in others by
the junction of a circumscribed portion of the trophoblast,
the chorion, with a corresponding area of preplacentally
proliferated maternal tissue, the trophospongia.

There 1s a fundamental difference in the character of the
two uniting layvers—the foetal being an active. the maternal
a quite passive layer. To a mobile, virile formation of the
former type—of foetal origin—the general term plasmo-
dium 1s applied, while the corresponding muitinucleate
structure, of maternal origin, usually acting as a pabulum
for the foctal plasmodium, is known as a syuneytium (see
Schoenfeld, 1903).

NO. 265 L
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Tt is evident enough that in all cases of placentation where
the uterine epithelium is not immediately destroyed, the area
of fixation consists for a longer or shorter time of a conjoint
layer of foetal and maternal epithelia, each having the charac-
teristics outlined above. Development of the former and
degeneration of the latter proceed in Perameles side by
side, and it would be convenient if a single expression could
be coined to deunote the composite laver consisting of the
two. No convenient term seems to exist, and I propose to
use the name ° diploplasma * to indicate the conjoint layer
consisting of foetal chorionie ectoderm and maternal tropho-
spongia.

The diploplasma consists in Perameles of three zones.
Along the line of junction of foetal and maternal tissues, the
syneytiun s undergoing degeneration and resorption by the
plasmodium.  Such a  degenerating syneytium 1s called o
symplasma (Schoenfeld. 1903), a term which can be correctly
applied only to maternal structures of a degenerate nature
contained i the plasmodium. Recently, however, Willey
has suggested its use to indicate the junctional portion where
there 15 an intimate mxture of active foetal elements and
degenerating maternal material.

Accepting this suggestion (Willey, 1914), the three zones of
the diploplasma in Perameles consist of the following :
a middle junctional layer composed of mixed foeto-maternal
tissue (svimplasma) with, on one side, a pure layer of foetal,
and on the other side, pure maternal material.

The foetal portion differentiates early mmto a basal layer,
the cytoblast, and a plasmodial layer. the plasmodiblast.
Contrary to what has been stated by Willey for other mammals,
the cytoblastic layer in Peramelesis well in evidence before
the time of attachment of the allantois.

The plasmodiblast has a twofold duty concerned with
(a) attachment, (b) nutrition. Both functions are performed
with the aid of root-like pseudopodial processes which attack
the maternal elements converting them into symplasmatic
débris which is ingested.  Such nutritional material 1s passed
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on to the cytoblast, the cells of which exercise a secretory
and selective role.

The cytoblast appears to have as one of its duties the ampli-
fication of the area of attachment. Cell outlines are always
distinet between the cytoblastic cells due to radial divisions.
These result in the formation of new cells and consequent
increase of the area of attachment. As a result, new marginal
zones of plasmodial formation are brought into being, and these
attack fresh sources of nutrient material in the maternal
trophospongia. This areal increase 1s subject, of course, to
certain limitations, and In Perameles, as will be seen
later, the growth in thickness of the plasmodial formation is
determined also by the thickness of the proliferated maternal
epithelium. In many mammals, however, as is well known, the
plasmodiblast extends much furtlier. even in some cases as far
as the muscularis, causing the degeneration and disappearance
of practically all the structures in its track.

A second function of the cvtoblast cells is, as indicated
above, the elaboration of a secretion which is passed into the
extra-embryonal coelome. They therefore exercise a certain
selective capacity on the material passed to them by the
plasmodium.

Abundant evidence of this secretory activity is to be seen in
sections, the actual secretion being easily observed. From the
above it will be seen that structurally and physiologically the
proliferating trophoblast of Perameles over the allantoic
placental area is quite comparable with the corresponding layer
in the Eutheria.

Stage 2. Perawmeles gunni, 6-6 mmn.

The specimen on which the following description is hased
was brought to me by a trapper on September 17, 1919, about
two hours after being trapped. Both uteri were swollen and
found to be pregnant. The left uterus after being opened was
fixed in Hill's fluid, and the whole uterus with embryo in
situ was later sectioned.

The right uterus was examined in salt solution. [t was

o2
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carefully slit open along the ventral side without any injury
to the foetal membhranes. It was noted that although there
was a close apposition of the volk-sac wall to that of the
uterus, the folds of the former fitting into the hollows of the
latter in a very intimate way, vet there was absolutely no sign
of fusion or organic comnexion. It will be remembered that
Hill, at first of the opimion that there was a protoplasmic
connexion between the yolk-sac wall and the uterine syneytium,
found later that this was not the case.

In the case of P. gunni it was possible by means of careful
manipulation to make out the details of the volk-sac cireulation.

This, at this stage, is 11 a state of considerable activity,
a condition no doubt to be correlated with the fact that the
allantoic placental connexion and ecirculation is now just on
the way towards completion and definite estabhshment. By
removing the lower portion of the hilaminar omphalopleure
and reflecting the remainder over the embrvo a full view of
the vascular area was obtained, and the whole course of the
vessels could be made out in detail.  After these had been
sketehed and photographed the lower portion of the yolk-sac
was removed, whereupon it was found that the connexion
between allantoic vesicle and uterus was so slight that the
whole embryo with its allantois could be removed intact. The
point of attachment was visible in the case of this embryo as
a somewhat central raised area on the placental surface of the
allantoic vesicle. The elevation of this area was due to the
adherence of a slight amount of maternal tissue brought from
the uterme wall.

This being the only pregnant uterus of P. gunni so far
known, I may be excused from entering with some detail into
the deseription of the relation of the embryonic and maternal
structures.

General Relations of Embryo and Uterus.

Foetal Membranes.—These agree essentially in their
arrangenient with what Hill has described for other species of
Perameles. For that reason I will concern myself in the
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following account only with those features which seem to be
peculiar to the Tasmanian form.

The Allantois.—This agrees in all respects with that of
other species.

In the vesicle the distinction between the outer or placental
wall of the allantoic vesicle and the inner or coelomic wall is
obvious. A feature worthy of note is the somewhat dense look
of the allantoic vesicle in surface view. This is due to the thick-
ness of its walls, the mesodermal layer of which 1s much denser
and thicker than in the species examined by Hill.

The Vascular Omphalopleure.—The vascular owm-
phalopleure (fig. 23, v. omph.) is essentially similar in structure to
that of other species. It is, however, as well to point out that
the tenuity of the ectodermal layer of this area, on which Hill
laid so much stress, is not so pronounced a feature in P. gunni
as 1 the forms examined by him. It 1s, however, still much
thinner thanin Didelphys (Selenka, 1536-7). In P. gunni
the ectoderm cells are somewhat colummnar with ovalish nuclei,
basally situated. The free end of the cell-hody 1s frayed out into
pseadopodia-like processes. In the vascular omphalopleure
is contained a large proportion of the extra-embryvonal vascular
system which in the stage under discussion forms a vascular
absorptive organ of some complexity and size. No marsupial
so far described appears to have a volk-sac circulation of
such an elaborate tvpe as is characteristic of this stage of
P. gunni.

Bilaminar Omphalopleure (fig. 23, bil. omph.).—Ths
of course consists of two layers, trophoblastic ectoderm and
volk-sac entoderm. The histological details of a portion of
this wall are shown in fig. 22. It will be seen that the eccto-
dermal layer consists of cells which are large and are remarkable
for the immense amount of vacunolation which oceurs i their
cvtoplasm.

These vacuoles are of all sizes ocenpying n the aggregate
almost the whole of the interior of each eell, separated from one
another by thin bridges of protoplasm in a special condensa-
tion of which the nucleus is contained. The outer ends of the
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cells are often rounded, but in other cases possess an wrregular
profile suggesting the presence of pseudopodial processes.

No doubt the vacuolation of the ectodermal cells of this
region of the blastocyst i1s to be assoclated with an active
absorption on the part of these cells of carbohydrate (? glycogen)
in process of being transferred to the embryo per medium of
the volk-sac.  The cells closely resemble the glycogenic cells
figured by authors for certain other mammals (e. g. Jenkinson,
1902, 1. vi).

The entoderm of this region consists of a layer of cells
somewhat darkly staiming with haematoxylin,  These are
sometimes rounded, sometimes Hattened. I have found the
entoderm cells occasionally slightly vacunolated in the manner
deseribed by Hill for his species.

It 15 a well-known fact that the vacuolation of cells con-
cerned 1n embryotrophie processes varies greatly at different
stages. Hill found that the entoderm cells of the yolk-gac, but
shightly vacnolated in early stages, hecame greatly so in his
12-:5 mm. specimen. Thig he regarded as a forerunmer of
degeneration, but I rather think it is to be associated with the
active absorption and internal transmission by the yolk-sac
wall of substances (probably carbohydrate) secreted hy the
mother and destined for the nutrition of the foetus.

The Yolk-sae Placenta.—As stated above, this 1s
brought about by the inthmate apposition of the vaseular
omphaloplewre to the extra-placental portion of the uterine
wall.  Fig. 23 shows the details of tlus circulation and fig. 24
is a somewhat diagrammatic representation of the area with
regard to the blastoevst wall and the embryo.

In fig. 23 most of the bilammar omphalopleure has been
removed and the remainder of the blastocyst wall has bheen
reflected over the embryo. The vascular area 1s therefore seen
from 1ts mferior aspect. The anterior end of the embryo is
contained i the proammion (proa.), here large and persistent.

The vitelline artery (vit.a.) is a very large and thick trunk
which. after leaving the yolk-stalk, keeps at first a little to the
left side of the body and passes over the surface of the tail to
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reach the right side. Here it passes into the onter leaf, i. e.
from the yolk-sac splanchnopleure to the vascular omphalo-
pleare. In the course of its passage along the body it gives
rise to the numerous fine and extremely characteristic vessels
which extend in their peculiarly parallel manner into the
yolk-sac splanchnopleure which they supply. These branches
are extremely long and pass for some little distance over into
the vascular omphalopleure where they alternate with corre-
sponding venous factors to the vitelline ven.

TImmediately on entering the vascular omphalopleure the
vitelline artery divides to form the sinus terminalis (s..).
Each portion of the sinus passes forward and at fivst has the
usual course. Instead, however, of passing directly forward
i the usual way, each branch, at about the level of the fore-
limb, takes a sudden turn ventrally so that the anterior portion
of each lateral branch forms another curve with a ventral
convexity. The artery on each side wnites with its fellow in
front of the head by anastomosis.

The sinus gives off to the area vasculosa a wonderfully rich
plexus of branches quite as complex or even better developed
than i any marsupial so far deseribed.

The peculiar arrangement of the sinus terminalis results
in the division of the vascular area on each side mmto two regions,
anterior and posterior, the former being somewhat smaller i
area than the latter. Each of these areas is drained by a
separate factor of the vitelline vein on each side. The posterior
factor from the posterior area is the larger, and after receiving
numerous fine capillaries and branches travels along the
dorsolateral aspect of the vascular omphaloplenre, parallel to
and some little distance from its dorsal edge till the vein
reaches the height of the neck flexure of the emnbryo, where it
passes over into the yolk splanchmopleure. Here it receives the
anterior factor which drains the antevior area. The branches
and capillaries which go to make up the latter are extremely
rich. Each lateral vitelline vein (rit.r.) formed of the factors
Just mentioned passes down and unites with its fellow just
before entering the body. Between them in this region is the
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permanently nou-vascular area spoken of by Semon and by
Hill.

It should be mentioned that the posterior factor of each
lateral vitelline vein receives ou its inmer side branches from
the volk-sac splanclmopleure corresponding to the fine branches
from the vitelline artery supplying that membrane. These pass
upwards in the splanchnopleure, and then continue outwards
into the omphalopleure to join the posterior factor as stated.

The measurements of the vascular arvea are as follows :

Across anterior portion . . . . 75 mm.
Across posterior portion . . : . 99 mu,
Greatest length. anterior portion . . 4 mm.
Greatest length, posterior portion . . H .

Formation of the Allantoiec Placenta in
Perameles gunni.

Various stages of this are shown in figs. 13-16, 19.

Maternal Structures.—The wall of the uterus is
divisible, as stated above, into two general portions, placental
and extra-placental regions.

Placental Region.—The mucosa varies greatly i thick-
ness, from 0:60 to 1-1 mm., due to folds in the uterine wall.
The glands are numerous, long, and tortuous, measuring in
diameter from 0-037 to 0-051 um. They are of the usual type,
being unbranched and lined by a single layer of colummar cells,
with deeply-staining nueclei, peripherally situated. I am not
able to detect any trace of the cilia which Hill and O"Donoghue
have observed in Perameles. The glands are in a nghly
active state of secretion, their basal portions being filled with
cellular and other material.

The inter-glandular tissue is extremely thin and tenuous,
but condensed where it tmmediately smrrounds glands and
blood-vessels. Distributed through the connective tissue is an
abundance of lymph material.  This is particularly evident
just below the uterine epithelimm, in which position there is
a space up to 2 mm. wide filled with lymph which bathes the
lower surface of the uterine syneytimm. Here and there this
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space 1s crossed by glands and blood-vessels. [ have called this
space the sub-epithelial lvmph-space.  Owing to the presence
of this coagulum and the sparsity of cellular elements the
whole stroma presents a very homogeneous appearance.
Scattered through it, however, are numbers of leucocytes,
and here and there are ervthroeytes which have escaped from
the capillaries by extravasation.

Attached to and intimately united with the epithelium of
this area is the embrvonic chorion.

Epithelium.—The condition of the epithelial elements of
the allantoic placental mucosa shows, unquestionably, that in
P. gunni the saine process of syneytialization has occurred
as in other species. and that here 1s a sinlar aggregation of
the syneytial nuclel into nests arranged in lobular masses of
the syncytial protoplasm. The distribution, as I have sug-
gested above, I believe to represent an abortive attempt at
the formation of simiple uterine erypts. Detween these nests
the capillaries and lencocstes of the remainder of the mucosa
gain access to the syneytiun.

The Extra-Placental Region.

Mucosa.—In all essential respects this resembles the
mueosa of the placental avea, being highly vascular and con-
taining a large quantity of lymph. Here are to be found
leucoeytes and red corpuscles, but neither are so numerous as
in the plagental portion. The glands are in an active secreting
phase and their contents—cellular detritus and other nutritive
substanees—are poured into the uterine cavity to be received
into the trophoblastic layer of either region of the omphalo-
pleure.

The sub-epithelial Ivinph-space, as such. becomes  less
evident the farther we proceed from the plicental area aud
the glands are somewhat swaller in diameter.

Synecytium.—This has been formed by a similar process
to that which has resulted in the moditication of the epithelimmn
of the placental area. The difference is mainly one of degree.
Thus the extra-placental syneytinum is thinner, being about
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0-043 1. opposite the vasenlar omphialopleure and 0-023 1.
opposite the bilaminar.  Similar proliferation and migration
of the nuclei have taken place but the lohular nests are much
sialler and less mmdividual, and, further. more and more
nuclel remain ontside the nests wntil in some places lobules
and nests as such are scarcely distinguishable.  The nuclei are
quite similar to the syneytial nuelet of the placental area heing
rovaded. bead-hke, and vesicular with little chromatin,

Chorion.—This shows, hoth in the amount of area of
attachment and of proliferation, a considerable advancement
on the condition found m the last stage. The fusion with
maternal tissue is so cowmplete that the resulting layer is one
m which occasionally there 15 sowe difficulty m distinguishing
maternal and foetal cytoplasm. Here, as before however.
we have the infallible test of the difference in structure, shape.
and fate of the maternal and foetal nuclen.

The Diploplasma.—The thickness of tlns layer measures
1now from 0-135 to 0-190 nnn.

This inerease 1s due mostly to the great growth of the
choriomie ectoderm, which consists of a well-marked basal
cellular layer, the eytoblast, and a mnch thicker portion in
which cell outlines are not visible, the plasmodiblast. The
maternal portion of the diploplasma consists of the remains
of both the maternal syneytial protoplasm and of the syneytial
nuclei.  When unaltered the latter have the characteristics
which have been before noted, viz. small rounded vesieles i
which the chromatin is suppressed but containing a more or
less prominent nucleolus (see figs. 13, 14, and 19, syn.n.).
They have an exactly shuilar appearance to the nuclei of the
extra-placental arca.

At this stage, however, nests are seldow found intact. In
almost every case they have been invaded by plasmodiblast
nuelei (pb.n.), so that by this timme a fair proportion of maternal
nuclei have degenerated and disappeared.

The Trophoderm.—This is divisible as stated above into
cytoblast and plasmodiblast.

The Cytoblast (eyt.) is a remarkably definite layer of
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cells with distinet cell outlines. The cytoplasm is granular
aud the nuclel large and phunp. Their chromatin contents
are in the form of an extremely rich network with a number
of karyosomes. A nucleolus may be present, and if so is of large
size. At the edge of the placental area the cytoblast (cyt.)
passes over into the ectoderm of the marginal chorion, whose
cells gradually decrease in size till they attain, at the junction
with the vascular omphalopleure, the normal dimensions and
appearance of trophoblastic ectoderni cells. Some idea of the
difference in size of the cells of this layer may be obtained from
the fact that, at the margin of attachment, the cells are twice,
while in the centre of the area of attachment they are eight
times the height of the ordinary trophoblastic ectoderm cell.

The cytoblast cells, therefore. have already the appearance,
particularly in the centre of the placental avea, of typical
placental megalokaryocytes.

Intense proliferation is to be seen in the cells of the cytoblast
of the whole of this area. I have not heen able to observe
mitotic figures, but it must be remembered that in the case
of my material as well as that of Hill. fixation was not possible
until a couple of hours after death.

Proliferation of the cytoblast (cyt.) and its results are shown in
figs. 1316, 19. The plasmodiblast nuclei (pb.n.) resulting from
this division are usually more darkly stained than the original
cytoblastic nuelel and for this reason are easily distinguishable,
particularly from the original syneytial nuclei (syn.n.). The
plasmodiblast nuclei are occasionally isolated, but more often
are arranged in clumps to form multinucleated masses (g.c.)
of sometimes large size. These resemble the giant or monster
cells which have been found in similar positions in connexion
with the placentation phenomena of higher Eutheria.
The main result is that the plasmodiblast makes its way into
the nests of syncytial nuclei, in which one or two or, in most
cases, a large number of these nuclei can be distinguished.
In such cases the syncytial nuclel have to a great extent dis-
appeared, the tendency being to replace them in their nests by
the newly-arrived foetal nuclei.
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The psendopodial processes characteristic of the plasmodium
of the previous stage are greatly m evidence in this stage also.
The result is that spaces occur in the diploplasma giving it a very
uneven appearance.  The arrangement of these plasmodial
spaces suggests that new nuclei are formed in a somewhat
spasmodic nanner in waves one after the other.

Omne result of the advance of the plasmodium 1s the inclu-
sion of the maternal capillaries which pass up
between the remains of the syneyvtial lobules
and ramify below the layer of e¢vtoblast. Each
capillary is contained in its delicate endothelial layer. Further
than this i the symplasmatic zone of the diploplasma are to
be found remains of maternal nuclei, maternal blood corpuscles
and various granules. These are all obtained phagocytically.
An evidence of this action m the plasmodiblast 1s the strong
affinity which some of i1ts nucler have for pigment. In this
stage much of the pigiuent found i other cells of the previous
stage has disappeared. It 1s now almost entirely contined to
the cytoblast and plasmodiblast. Here it appears usunally as
black granules deposited round the nueleus, but 1 other cases as
narrow irregilar lnes in the evtoplasm (figs. 25-27). A sumilar
pigment (related to haematoporphyrin ?) is found in Ungulates,
and 1s regarded by Jenkinson and Duval as being the remains
of ingested haematids whose 1won has been passed on to the
embryo. The result 15 that the pignient remains i the tropho-
blast mereasing in amnount up to the tnne of parturition.

Liencocytes.—These are extremely characteristic of the
uterine mucosa, particularly i the placental regions. They are
found m the conuective tissue, from which they migrate througlh
the epithelium of the glands and mmgle with their secretion.
They also pass into the diploplasma, from which they reach the
extra-embryvonal coelome.  They can be seen abundantly
present in all sections of this reglon at this stage. In the
connective tissue they are small, taking the form of small
mononuclear leucocytes.  In the diploplasma, however, and
particularly when they reach the cyvtoblast, they have increased
greatly m xize, forming large mononuclear lencoeytes or macro-
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cytes. In this position they occasionally displace cytoblast
cells. All the leucocytes carry well-detined pigment. TIsolated
patehes of pigment oceur occasionally in the plasmodinm.

The coagulable material (proteid, Ivmph) passing through
the epithelinm of the nterus is partienlarly abundant in the
placental area. The secretion of the cytoblast cells is visible
on their coelomic faces as small rounded swellings which break
off to form spherical bodies floating in the coelomie fluid.

I can find no evidence of fat seeretion either in the cytoblast
cells or in the gland cells, but it must be remembered that no
gpecial means have been employed for the detection of fat,
glycogen. or iron.

The chorionic mesoderm, where 1t can be made out, 1s a thin
mesothelial layer consisting of flattened cells with ovalish
darkly-staining nuclel. I must confess that I find it impossible
to discern this layer over most of the placental area.

The free margin of chorion forms the connecting link between
the fixed chorion on the one hand and the vascular omphalo-
pleure on the other. The mesoderm here is similar to that of
the central portion of the chorion. bnt the trophoblastic layer
consists of somewhat flattened cells near the vascular omphalo-
pleure. these increasing greatly in lieight as they approach the
fixed portion.

Gland Alteration.—A word about the coudition of the
glands in this stage. The body of the gland is lined by an
epithelinm which is somewhat lower than in the preceding
stage. In its upper portion the gland swells out and becomes
somewhat barrel-shaped. The whole of this portion enclosed
in the diploplasma suffers a degeneration of its epithelium.
The result is that here the gland appears to be a mere space
lined only by plasmodiblast. The gland-mouth 1s closed by
a layer consisting of the cytoblast plus a certain amount of
plasmodiblast. The latter by no means takes the form of
a plug as in the last stage. but passes down on either side
apparently causing the disorganization of the gland epithelium
on its way. There appears to be a struggle heve between the
downward force of the growing plasmodiblast and the upward
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pressure of the gland secretion, evidenced by the swelling of
the gland and the formation of lateral fissures in the plas-
modium.  Sucl appearances are characteristic of all the glands
in this stage.

When such glands are sectioned obliquely or transversely
they appear in sections of the diploplasma as irregular spaces
without any definite epithelial bonnding layer,

Attachment of Allantois.—At this stage tlus has
ocenrred over an approximate arvea of 0-5 by 0-21 mm. The
attachment 13 due to an mtimate fusion of the splanchnic
mesoderm of the allantois with the somatic mesoderm of the
chiorion.  Apparently the allantois spreads its area of attach-
ment very rapidly, and one of its almost immediate results is
a quickening of the proliferating activity of the eytoblast cells.

In the centre of the area of attachment the distinction
between the plasmodial layer and the cytoblast to a great
extent breaks down. the cell outlines of the latter disappearing
and its nucler being converted to plasmodiblast nucler. It 1s
in these positions that apparently the union of the allantois
with the chorion is best etfected. This dissolution of the
cytoblast allows maternal capillaries to come closer to the
surface of the diploplasma, and this can be seen in some cases
even before the allanto-chorionie fusion is in being (fig. 14).

mim.

Stage 3, Perameles obesula, 7

This is Hill's Stage (', being his earliest placental stage. 1t
is represented i the Department of Zoology of the Umversity
of Sydney by a single slide containing one section. The
specimen, however, 1s well stained and mounted, and shows
all the details of the relations of the foetal membranes to the
uterine wall.

The excellent general account given by Hill of the foetal
membranes of this stage renders any further deseription un-
necessary. I will therefore confine myself to a consideration
of the maternal and foetal structures associated with the
allantoie placentation.

The attachment of the allantois may now be said to be com-
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plete, the allanto-chiorionn being united with the maternal
epitheliin over an area whose diameter, following the well-
marked uterine folds. s some 13-14 n.

The area of attachment is not co-extensive with the whole of
the chorion since there iz a marginal zone of the latter quite
free. as in the 6-6 mm. stage.

Structural Details of the Allantoic Placenta.

As would have been expected from the description of the last
stage there 13 by this timne a most intimate fusion of the maternal
and foetal tissues in the diploplasiha. the proliferation of the
trophoblastic ectoderm and its invasion of the maternal
synevtium having advanced considerably bevond the condi-
tion found in the 6:6 mm. embryvo of P. gunni.

Here again, therefore. in the trophoblastic proliferation there
can be recogmzed two portions. a basal cellular layer corre-
sponding to the cvtoblast or cytotrophoblast of higher mam-
mals. and externally to this a proliferating plasinodial portion.
the plasmodiblast or plasmoditrophoblast.

The cytoblast is throughout its extent fairly distinet. Over
a fair area towards the centre, however, it has already begun
to lose its integritv—having disappeared in many places as
a cellular Jayer and become converted here into plasmodiblast
(fig. 18). It was upon this condition of the cvtoblast in its
central portion that Hill based his suggestion of the degenera-
tion of the chorionic ectoderin.

In the marginal portion (fig. 21) the cytoblast still consists of
high columnar cells separated from one another by distinet
cell walls. Externally. however. the boundaries of these on
their plasmodial aspect are indistinct. Where mtact, they
have somewhat elongated nuclei arranged at right angles to
the surface of the uterns. These nuclei stain well and are rich
m chromatin. They do not. however, stain so darkly as the
more granular plasmodial nuclei to which they give origin.

At the edge of the placental area the development of plas-
modiblast from eytoblast is in its minimun condition of activity,
as 18 shown in the figure (fig. 21).



160 T, TIOMSON FLYNN

Here it can be seen that the arrangement of the syncytial
mnelei of the extra-placental arca is snnilar to that of the
preceding stages.  The presence of an internal space, free of
nucle, in the syneytial nest should be noted.

Passing from this region into the placental area the gradually
inereasing activity of the proliferating chorionie ectoderm
becomes evident. More and more of the foetal nuclel occupy
the nests. The plasmodial nucler in a large number of cases
form multinucleate groups. In many cases there are but two
nuclei in each group. these being comparable to the binucleate
cells * diplokaryocytes * deseribed for some Eutheria (for’
example in Ungulates, Assheton, 1906). More often
three or more nuelet are contained in one plasmodial mass.

An examination of & more central section shows that in this
portion of the placental area many nests are now quite filled
with the plasmodiblast nuelei (fig. 18). So closely are these
packed in the nests that instead of being oval or nregularly
shaped they take a polygonal form due to mutual pressure.
The condition of the orviginal epithelial nuclear nests can be
cauged from the fact that of twenty-seven observed in one
central portion of the allantoic area four were nuntouched ;
cleven were partly, twelve completely filled by invading
nuclei, the nests having the appearance of solid multinucleated
masses.

In such positions also it is that the original cytoblast layer
Las practically disappeared. It is evident, therefore, that
a large proportion of the maternal epithelial tissue has been
replaced by intruding foetal material.  One effect of this is that
the maternal capillaries of the allantoic area become enclosed
by the advancing plasmodium, and in many cases are now to he
found at the surface of the diploplasma, where they directly
underlie the allantois and even come into eontact with the
allantoic vessels.

Pigment is not so common as it is in the previous stage but
it 1s still to be found, particularly in leuncocytes and in the
cytoblast cells. Here and there in the plasmodium are to be
seen isolated patches of pigment pointing to an active ingestion
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of maternal cellular material. Haematids are often to be found
contained in the plasmodium in process of heing absorbed.

Glands.—Most of the glands of the allantoic placental
area have undergone certain characteristic changes. Instead
of being narrow and tortuons, they have now become generally
straighter and wider.

The necks of the glands are particularly spacious, and often
the gland on its entrance into the diploplasma shows a barrel-
like enlargement. The aperture of the gland in the placental
area is closed by the cvtoblast, while the plasmodiblast has
disappeared from 1ts mouth but bounds this portion of the gland
on either side where it has been responsible for the disorganiza-
tion of the gland epithelial eells (fig. 25). The cells of the bodyand
neck of the glands have now been transformed into a low cubical
epithelium, and their nucler instead of being oval are rounded.
The gland-cells throughout are ciliated. Ocecasionally some of
the glands swell to a relatively enormous size. A further
feature of note is that a number of glands have penetrated
into the muscularis.

The Allantois.—For the general description of this
I would refer the reader to Hill's account. At this stage the
splanchnic mesoderm of the allantois is found fused with that
of the chorton over the full extent of the placental area.
There 1s but a small amount of penetration of allantole tissue
into the plasmodiblast, and this only becomes possible where
gaps have occurred in the disorganized cytoblast. The complex
“interlocking svstem '—by which apt phrase Hill describes
the mutual apposition of foetal and maternal capillaries—

15
brought about by short finger-like downgrowths of the allan-
toic mesoderm combined with the opposite (inward) tendency
of the maternal capillaries. This mutual process becomes more
and more easy the more the basal cytoblastic layer loses its
integrity and hecomes converted into plasmodiblast. Where the
evtoblast remains practically intact as at the margins (fig. 23),
the approximation of foetal and maternal vessels does not
oceur. The maximum penetration of the allantois appears
to be a little more than the thickness of the cyvtoblast. One
NO. 265 M
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result of (his penetration 13 the tendeney to form occasional
evtoblastic islauds, coutaining usually one or two nuclei,
isolated by the growth round and belind thew of the allantoie
capillaries (fig. 24).

Stage 4. Perameles obesula, S=-8-75 mm.

Of this stage [ have no material available, so will content
myself by stating that Hill's figures (1897, figs. 15 to 21) show
that the wvarious processes of allantoic placental formation
which have been initiated in the case of the younger embryvos
can be recognized as heing continued i this.

The growth of the plasmodiblast has goue on apace, with
a corresponding diminution of the amount of maternal tissue
contained in the diploplasma. This results in a very homo-
geneous appearance of the tissue of the placental area. In
Hill's figures very few synevtial nuelel are recognizable with
certainty.  Oun the other hand, it can be seen unmistakably
that. by this time, most of the evtoblast has been converted
mto plasmodiblast. and that in this formation giant nmulti-
nucleate cells are a very prominent and characteristic feature
(see especially his fig. 17).

Here again the greatest activity is being shown towards
the centre of the placental area. Of the still remaining basal
evtoblast cells Hill says (p. 414), “ in gome cases they are multi-
nucleated . . . or the single nucleus is also hypertrophied and
vesicular.” a statement which well accords with the facts to
which I have already drawn attention in the preceding pages.

Many of these remaining evtoblast cells have the appearance
of diplokaryocvtes.  Some of them plainly show a tendency
towards plasmodial formation, as can be seen in Hill's fig. 21,
where the cell marked ch.ect. has verv much the appearance
of a glant cell with plasmodial processes.

Stage 5. Perameles obesula, 12-5 mm.
Of this stage I possess five consecutive sections stained in
haematoxylin and eosin.
Here, as before, I will confine myvself to a description of the
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structural modifications associated with the formation of the
allantoic placenta.

A section through the very folded allantoic placental area
reveals the presence of an extremely homogeneous granular
layer with lobed lower margins. indicating the positions of the
original synevtial nests.

Unfortunately. the gap between this and the preceding stage
1s too wide to make it possible to closely follow and be certain
of the histolytic changes which have taken place in the placental
region.

Within the lobulated portions of the diploplasma are very
irregular groups of nuclei corresponding in position to the
groups of the original syneytinm.

An examination of such an aggregation at this stage shows
that it consists mainly of plasmodiblast nuelei which are in
a marked stage of degeneration. One simple group is shown in
fig. 26 of this paper. while many others are depicted by Hill
(1899, PL. xlin, figs. 6 and 7).

One particular tvpe of degeneration change in the case of
a plasmodial nucleus is shown in fig. 17. This corresponds
closely with what has been recorded by Jenkinson (1902,
figs. 24-5) for the megalokaryocytes of the mouse. The
original robust nucleus loses its contour through shrivelling
of the nuclear membrane and escape of the nuclear sap. The
chromatin becomes irregularly arranged. Thereupon the whole
nucleus flattens and becomes of the nature of an extremely thin
rod, which by further absorption is seen as a few darkly staining
particles in the general ground-mass, finally disappearing.

There are to be found also degenerating vesicular elements
which no doubt are the remmants of the formerly numerous
maternal epithelial nuelei. On this important point. in view
of the paucity of the material available, I regret I am not able
to make any certain statement.

If, however, this interpretation be correct. then Hubrecht's
suggestion (1909) that the placenta of Perameles consists
in its final stage of a ‘ mixed synevtium " 1s not very far from
the truth.

M 2
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It is diffienlt to suggest a eause for the degeneration and
resorption which has taken place in the case of these nuclei,
but it 1s a significant fact that associated with the degenerating
groups are to be found abundant lencocytes of the <mall and
large mononucleate types.

Situated just internally to the allantois are to be found
occasional large trophoblastic cells, being remains of the
cvtoblast. These also are undergoing degeneration.

In places the homogeneous nature of the ground-tissue is
less evident, and here multinucleated masses of protoplasm are
still in evidence. Apparently the foetal chorionic cells have
performed their function, viz. the fixation and a portion of
the preliminary nutrition of the embryo, and are now in
a process of degeneration and disappearance.

The maternal vessels are extremely numerous, and their
finer branches now ramify at the surface of the diploplasma,
where they come into intimate apposition with the vessels of
the allantois in the way Hill describes.

The allantoic mesoderm has penetrated but little into the
trophodermic layer. No spaces are formed in which maternal
blood flows, all maternal vessels being contained in definite
endothelial walls.  The two blood-systems, however, are
elaborately interlocked, and very often foetal and maternal
blood-streams are separated merely by the thickness of two
endothelial walls.

As regards the glands of the placental area, they are now
characterized by the possession of a low cubical epithelium.
Their cavities are wide, particularly near the opening of the
gland. The cells are ciliated. The mouth of each gland is
sometimes closed by the allantois with its nmmerous vessels,
at other times by degenerating remains of the trophoblast.
The condition of the portion of the gland contained within the
diploplasma is similar to that characteristic of the preceding
stage.

Outside the placental area the maternal nuclei of the epithe-
lium still take the form of rounded vesicles in which it is difficult
to distinguish even a nucleolus. The glands of this portion of



PLACENTA IN PERAMELES 165

the uterine wall possess the usual columunar epithelium and
are also ciliated. They are narrower than the glands opening
mto the placental area.

Seeing that the newly-born young of Perameles measures
but 14 mm. in length, the condition of the allantoic placenta
in the 12-51mm. stage may he acecepted as being practically
that of the full-term placenta.

Stage 6. Perameles nasuta. post-partum.
With regard to this stage the only way in which I can
supplement Hill's description is by pointing out that the
amount of foetal tissue left behind in the uterus 1s considerably
more than would be the case 1f Hill's conception of the placenta-
tion of this animal were correct. Instead of consisting merely
of the allantois—with the addition of a few remaining foetal
cells left behind after the degeneration of the chorionic ecto-
derm—there 1is really comprised in the contra-deciduate
portion, in addition to the allantois, the whole thickness of the

diploplasma, of which undoubtedly the greater part is foetal.

6. SUMMARY OF (ONCLUSIONS.

The conclusions arrived at in the preceding pages may be
summarized as follows :

1. Allantoic placenta.

(@) The fixation of the embryo is brought about by means
of the chorionic ectoderm at a time when the embryo measures
about 6 mm. direct length.

(b) The chorionic ectoderm develops directly into two
portions, (1) a basal cellular c¢vtoblast which by proliferation
gives rise to (2) a plasmodiblast.

(¢) The plasmodiblast phagocytically attacks the maternal
tissues, particularly the maternal nuclear aggregations or nests.

(d) The proliferating foetal ectoderm and maternal syneytinm
are thus intimately fused to form a structure, the diplo-
plasma.

(e) Sooner or later most of the cyvtoblast layver disappears,
being converted into plasmodiblast.
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Diagrams showing the development of the allantoic placenta in Perameles.

(a) Shows the character of the preplacental maternal trophospongia with
its lobules, between which vessels and glands penetrate. The capillaries
ramify at the surface.

(h) Chorionic attachment has now taken place and the chorion has proli-
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(f) The outgrowth of foetal plasmodium does not extend
any farther than to involve the proliferated maternal epithelinm.

(9) The attachment of the allantois i1s etfected when the
embryo has attained a length of approximately 6-5 mm.

(h) The ontward migration of the hasal evtoblast ecells {when
converted into plasmodiblast) gives opportunity for the
maternal and foetal vessels to come into intimate apposition.

(1) In the final stage the foetal nuclei in the placenta are
found to be in a state of degeneration.

(j) Remains of the maternal epithelinm still probably exist
in the full-term placenta.

(k) The uterine glands persist throughout gestation, but the
portion of their epithelinm within the diploplasma disappears.

() Al maternal vessels have definite endothelial walls :
hypertrophy of the endothelial cells does not occur and lacunae
are not formed.

(m) An allantoic placenta is recorded for P. gunni.

2. Yolk-sac Placenta.—A virtnal yvolk-sac placenta is
present in P. gunni as in other species of Perameles,
brought about by the intuimate apposition of the complex
system of vessels in the vascular omphaloplenre with the highly
vascular portion of the uterine synevtimmn just bevond the
placental area.

ferated to form a basal cytoblast and an external plasmodiblast. The
proliferations of the latter are related to glands and nuclear nests, The
capillaries ramify just below the evtoblast layer.

(¢) Allantoic attachment is now in its first stages. Further proliferation of
the foetal trophoblast has taken place and the plasmodiblast now occupies
the greater part of each nest. Within the diploplasma the gland
epithelium has disappeared and the gland is closed in above by eytoblast
plus plasmodiblast. Capillaries still ramify below the cytoblast.

(d) The foetal plasmodimm now occupics the whole of each nest with the
exception of (possibly) a few remains of maternal tissue. The cytoblast
layer has broken down, having mostly been transformed into plasmo-
diblast. A few islands of trophoblastic tissue are, lowever, still left
in the cytoblast position. The very much branched and interlocked
foetal and maternal vessels have now come into intimate apposition.
The gland epithelium in the diploplasma has entirely disappeared. and
the glands are closed in above by all antoic vessels alone,

all.. allantois ; all. cap.. allautoic capillary : cyf.. extoblast; gl.. gland ;
mat.cap., maternal capillary ; pb., plasmodiblast ; {ropk., trophospongia.
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TFurther, considerable vacuolation of the eclls of the bilaminar
omphalopleure at certain stages mark it as being an absorptive
organ of some importance in embryotrophic processes.

7. CoNcnLuDpING REMARKS.

Now that we have some clear idea of placentation in Pera-
meles, the question arises what relation exists between this
and the placentation of other marsuplals and of Eutheria
generally 2 I'urther, can any light be thrown on the phylogeny
of the mammalian allanto-placenta by a consideration of this
question ?

Before, however, entering on a discussion of these, it 1s,
I think, necessary to get a clear idea of the morpho-physio-
logical conception of the term ‘ Placenta .

(@) The Placental Conception.

It is inevitable that the conception of placentation which
has arisen in the minds of investigators should, until fairly
recently, have been associated with the very complex and
highly advanced structure developed in the intimate fusion or
apposition of the foetal membranes of the commoner and best-
known Eutheria with the uterine mucosa.

Tt might, however, be taken for granted that—in the case
of an organ so prominent in mammalian developmental pro-
cesses and rightly regarded ontogenetically and phylogeneti-
cally as of the highest importance—there would be no two
opinions as to its definitive structure or its physiological
significance.  But such a supposition would be wrong, and
a very superficial examination of the writings of the more
recent investigators soon shows that they hold radically different
views as to what is understood by the term * placenta ’.

All the important recent works treating of the comparative
anatomy of the placenta to which 1 am able to refer (Strahl,
1905 ; Grosser, 1910 ; Jenkinson, 1913) are insistent that
the fundamental idea of placental formation lies in the apposing
of two blood-streams—one foetal, one maternal—to form
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a structure by which the physiological processes intended for
the well-being of the embryo can be carried out.

Such a conception makes no allowance whatever for the
work of the bilaminar omphalopleure of marsupials—itself
non-vascular but physiologically of considerable importance.

Even less acceptable 1s the suggestion of Professor Hubrecht
(1909), who imnsists that * fusion of embryonic with maternal
tissue is a conditio sine qua non, and so we must admit
a placenta in the case of Didelphia (Perameles) and deny it to
certain Monodelphia (Equus. Sus, Nvticebus. Galago, and
others) . As Asshetou has pointed out, under this scheme
‘ the sheep is a placental, a cow a non-placental mammal °.

Reaction between mother and embryo, or rather dependence
of the latter on the mother for food, oxygen. and the removal of
its waste products, may be said to connuence from the time of
the first appearance of the ovum in the uterus. © The mam-
malian ovum,” says Hill (1910, p. 113),  already in the mono-
tremes greatly reduced in size as compared with that of reptiles,
and quite minute in the Metatheria and Eutheria, con-
tains within itself neither the cubic capacity nor the food
material necessary for the production of an embryo on the
ancestral reptilian lines.  We accordingly find that the primary
object of the first developmental processes in the mammals
has come to be the formation of a vesicle with a complete
cellular wall capable of absorbing nutrient fluid from the
maternal uterus.’

Our knowledge of the physiology of the carly stages of
mammalian intra-uterine development is admittedly as yet
very incomplete. Nevertheless, it is quite certain that the
amount of nutrient material present in the ovum is absolutely
insufficient for even the most elementary developmental pro-
cesses, and has to be supplemented, from the very beginning.
from outside sources.

Even a cursory consideration of the above will serve to
indicate that in the uterine development of the viviparous
mammals there ocenr two distinet phases. differing entively
in the means by which the necessary physiological processes
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of the embryo are arranged for. In the first of these, extending
over the time of cleavage and of blastoeyst formation, absorp-
tion and exchange are perfornied solely by means of the tropho-
blast.

When blood-vessels appear and are functional, quite a new
phase 1s nangnrated, lasting to the end of pregnaney, during
wiieh these vessels come to the aid of the trophoblastic layer
in more quickly and efficiently performing the necessary
cmbryonie serviees.

Grosser’s (1910, p. 94) termws * embryotrophic * and ‘ haemo-
trophic © could have heen convemently employved to indicate
these periods, but, unfortunately, his use of the word © exelu-
sively " in the detinition of the latter term has made it applicable
alone to haemochorial placentae. and it 1s even donbtful if the
definition would be strietly correet in their case.

Nor does Resink’s (1902) arrangement sutt the case any
better. This author régarded the intra-uterme hfe of the hedge-
hog as falling mto two well-detined periods as follows :

(@) Preplacental period, during which maternal and
foetal preparation for the allantoic placentation takes place ;
the trophospongia and ectoplacenta are formed and the
embryo fixed. Broadly, this period may be said to ocecupy the
earlier portion of intra-uterine existence up to the time of
attachment of the allantois.

(by Enplacental period, in which the allantote attach-
ment is made and the placenta completed.

The weakness of this arrangement as applied to mammals
generally is to be found, inr my opinion, in the extreme 1nmpor-
tance given to the allantoie placentation and the inclusion of
the volk-sac (vascular) placentation m the first of these periods.
such a scheme becomes difficult of apphcation, particularly to
the Metatheria, m which an allantoic placenta oceurs, so
far as 18 known, in but one genus, various methods of tropho-
blastic attachment in others, in many no attachment what-
ever, a volk-sac placenta in all.

It 1s therefore apparent that allantoie placentation is only
of the greatest importance in one gronp of mammals, the



PLACENTA IN PERAMELES 171

Euntheria, and it is due to the fact that thie most detailed
ivestigation hag been expended on this group and to the
promunence of the allantoie placenta in it that other features
of embryonal intra-uterine life have been for so long over-
looked.

Viewed m the light of what we already know of the morpho-
logy and physiology of the foetal membranes in the two groups
of viviparous mammals, it is evident that placentation, as
generally understood, is but part of a much larger conception
which has to do with the whole physiological mtimacy, during
mtra-uterine life, between foetus and mother.

Thus T am fully in accord with Assheton's suggestion (1909)
that the term * placenta * should he applied to all organs
consisting of an ntimate apposition or fusion of the foetal
membranes with the uterine wall for the purpose of carrying
out physiological processes destined for the well-heing ¢f the
embryvo.

such a conception would include the following types of
placenta :

() That i which the trophoblast is vascularized from the
allantois—allantoplacenta.

(b) That in which the troploblast iz vascularized from the
yolk-sac—omphaloplacenta.

(¢) That in which no foetal blood-vessels are concerned.
This is the case of the hilaminar omphaloplenre of marsupials
whether there is a fusion of part of this with the uterine mucosa
(Dasyurus, Phascolarctos), or merely. as is more usual, intimate
apposition. For this tvpe of placenta 1 propose the term
‘metrioplacenta’. These may be illustrated by referring
to Perameles, the genus which is the subject of investiga-
tion m the present paper.

(b) Placental Phases in Perameles.

Preliminary Phase —During thiz period the blasto-
cyst 15 formed and the physiological processes are carried on
by means of the trophoblastic cellz.  There 1s no union in
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Perameles Dbetween the trophoblast and the uterine
wall, and there 1s no absorption by means of foetal blood-
vessels.

The work of this phase is carried on in later intra-uterine
life by the bilaminar omphalopleure.

Intermediate Phase.—This 1s the stage of the vaseular
voll-sac placenta. It comes into being with the functional
formuation of the vascular area. There 1s a close apposition
between the foetal and maternal blood-vessels. This phase
reaches its most active condition hefore the attachment of the
allantois, and although, mayvbhe, less efficient, endures, with the
existence of the vascular area. nutil the end of pregnancy.

I'inal Phase.—The allantoic attaclhiment takes place and
the allantoie placenta s completed.

It 15 evident that in marsupials, with the exception of
Perameles, the preliminary and intermediate stages are the
niore huportant. m fact the only ones present, while 1 general,
i Eutheria, the preliminary and the tinal phases are of
the greater value.

Under these circumstuances we can denote the placental
periods in Perameles as metricoplacental. omphaloplacental,
or allantoplacental, according to the type of placenta which 1s
the dommant one for the period concerned.

(¢) Placental Phenomena in Marsupials
generally.

In reviewing these 1 will commence with the most specialized
groups.

Macropodidae.—The works of Owen (1834-7, Macro-
pus major), Semon (1894, Aeprymnus rufescens),
and Hill (1895, M. parma, M. ruficollis, M.robustus,
and M. major) emphatically sbow that i these forms the
allantols throughout life remaius small, buried in the splanchno-
coele. From my own observations I am able to state that
this is also the case for Potorouns tridactylus and
Bettongia cunieulus. It is possible that in some
Macropods the allantois reaches the chorion. although Cald-
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well's statement (1554) that there iz sueh a union in the case
of Halmaturus ruficollis, as well as his testimony of
a fusion hetween the bilanunar omphaloplenre and the uterme
wall, have not vet been confirmed. An omphaloplacenta is
well developed in Macropods.

Phalangeridae.—In Trichosurus vulpecula (Hill,
1889) and Petaurus sciureus (Senmon, 1594) the allantois
is similar to that of Macropods. I am also able to state that
this 1s the case for Pseudochirus cooki. Here again the
embrvo depends on the work of the trophoblast both of the
vaseular omphalopleure and of the hilaminar omphalopleure.

Phascolarctus.—This genus is particularly interesting in
possessing, according to Caldwell (18S3) and Semon (1594),
a respiratory allantois. There 15 a well-developed omphalo-
placenta and also a union in the metrioplacenta between an
annular zone of the hilaminar omphalopleure (just outside the
simns terminalis) and the uterine mucosa.

Didelphys.—The allantols does not meet the chorion.
The omphaloplacenta i1s well developed. Certain portions of
the ectoderm of the bilaminar omphaloplenre are stated by
Selenka to form absorptive proliferations similar to those found
i certain Eutheria, for example Manis (Weber), and
Equus (Ewart).

Dasyurus.—The allantois shows interesting stages 1n
degeneration. At a particular stage it becomes applied to the
chorion which is itself in intimate association with the uterine
mucosa. Later the allantois withdraws from the chorion and
degenerates considerably, its vascular system practically
disappearing. An omphaloplacenta is present as well as a
similar anmular fusion of the bilaminar omphalopleure with
the uterine wall as occwrs in Phascolaretus.

Perameles.—This is a most primitive form possessing
a well-developed allantoic placenta and an omphaloplacenta,
and there is considerable evidence of absorption in the bilaminar
omphalopleure.

From the above abstract it will he seen that we can. as yet,
hardly he said to have a detailed knowledge of the structure,

4
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physiology. and ontogeny of the foetal membranes of most
marsupials.  Particularly in such primitive genera as Thyla-
cinusand Sarcophilus. it may be expected that mvestiga-
tion will help to shed a eclear light on the phvlogeny of the
placenta in this group.

Another point of importance (of greater value, I think, than
Assheton wounld have had us believe) lies in the behaviour of the
uterine mucosa. Of this our knowledge in the marsupials is
particularly meagre. Yet 1t 1s extremely important, since
there is naturally a mutual reaction of embryo and uterus.
An investigation of the modifications of the uterine mucosa
during pregnancy would. there is not the slightest doubt, be
of great value in shedding a licht on ancestral placental arrange-
ments in marsupials.

Pseudochirus cooki is istructive in this regard.
Preliminary investigations which T have already made in the
case of this diprotodent marsupial have shown that the uterine
epithelium in a very early stage of pregnancy consists of a single
layer of very high columnar ceils with correspondingly elongated
deeply-staining nuelei. Below the epithelinm the connective
tissue is condensed to fornr a layer in which run the capillaries.
This stage can be recognized as being very similar to one oceur-
ring in many Eutheria.

At a later stage of gestation, cell outlines have disappeared
and a vaseular syneyvtiun 1s formed similar to that of Pera-
meles, except that it 1s composed apparently not only of the
epithelial cells hut of those of the sub-epithelial capillary layer.
These capillaries now ramify at the surface as is the case in
Perameles.

Here without doubt can be recognized the remains of an
ancestral trophospongial proliferation.

From the consideration of the above facts, particularly as
regards the condition of the foetal membranes in Perameles.
Dasyurus. and Phascolarctus, bearing in mind the
complementary modifications of the uterine wall where they
are known, 1t must be evident that these conditions in marsu-
plals represent a degeneration from a more complex system
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of placentation which undoubtedly obtained in the original
protoplacental group.

Into a full treatment of this there is no need for nie to enter.
It has been ably discussed by Hill and the facts aud conclu-
sions embodied in the preceding pages can only be regarded as
confirming aud strengthening his expressed opinions.

(d) The Relation of the Allantoic Placenta-
tion of Perameles to that of the Eutheria.

This question I will discuss but briefly, reserving its full
treatment for some future occasion when adequately fixed
and preserved late gestation stages of Perameles may
perhaps be available,

It 1s with sone pleasure that I have been able to bring the
method of allantoplacental formation of Perameles into
lime with that occurring in the simpler Eutherian forms. In
fact it may be said in general that the only difference between
the two 1s one of degree. There are the same characteristics
of passivity of the uterine epithelium and aetivity of the
trophoblast with a division of the latter into a cytoblastic and
plasmodial layvers. After preliminary diploplasmatic prepara-
tion the allantois becomes fixed and an apposition of the two
blood-streams becomes effected. I might here briefly refer
to the resemblances between the earlier stages of allanto-
placentation in Perameles and the dog and rabbit. In
Text-fig. 3 I have indicated the main points of Schoenfeld’s
fig. 14 (1903) representing an early stage of chorionic invasion
in the dog. A somewhat comparable stage in Perameles is
represented by Text-fig. 4. The agreement i the method of
foetal invasion is evident. In the dog, however, according to
Schoenfeld, the uterine epithelimmn does not form a synevtinm.

In the rabbit, on the other hand.as in manvother Entheria.
such a maternal synevtium is formed, and here the early stages
show an even more significant resemblance to those occurring
in Perameles. Particularly I mayv refer to Schoenfeld’s
(1903) figs. 4, 5. and 6. Pl. xxi, and those of Maximow (1900.
figs. 1 and 2, P1. xxx).
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The phylogenetic importance of the presence of large multi-
nucleate masses of foetal origin m the allantoplacenta of
Perameles, the dog, the rabhit, and others cannot be over-
estimated.

Bearmg in mind the accepted origin of the Metatheria

TEXT-FIG. 3.

Fig. 3—An early stage of development of the dog showing chorionic
attachment (after Schoenfeld). cyt., cytoblast; pb., plasmodi-
blast ; ep., uterine epithelium.

TexT-FIG, 4.

Fig. 4—A stage in Perameles comparable with that of the dog
in Text-fig. 3. Lettering as in Text-fig. 3.

and Entheria from a primitive diphyodont protoplacental
stock (Hill, 1897, p. 432), it is possible to state with certainty
that, in that early group, the same conditions of passivity of
the uterine epithellum and active phagocytic quality of the
trophoblast were already in existence; with the further
differentiation of the latter layer in its placental portion into
two distinct layers, respectively cellular and plasmodial.

The foregoing facts make this conclusion inevitable. This
being <o, those Eutheria, particularly the Ungulata,
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i which there is no union between the trophoblast and mucosa
in the allantoic placental region. must have reached this condi-
tion, in the course of their phylogeny, by a process of secondary
simplification.

It is evident enough then that the attempt made by Strahl
(1906) to group Perameles with the Ungulates and others
in the Semiplacenta breaks down. At the same time it is
not easy to suggest any arrangement by which Perameles
will take its proper place in placental classification.

The only possible course at this stage appears to be to
examine briefly what is the relation of the allantoic placentation
m Perameles to some one or other of the groupings at
present in use.

Assheton’s suggestion to divide the Placentalia into
Placentalia cumulata and plicata seems to be the
most promising, since in addition to having a structural basis
these divisions are to some extent physiological. Assheton has
given a table of the characteristics of the two groups as he
conceived them (1909), and even a cursory glance at these will
indicate that the allantoplacenta of Perameles structurally
and physiologically occupies a place somewhere between the
two but more primitive than either.

Thus in the ‘ heaping up * of the trophoblast—a very funda-
mental point—it agrees with the cumulate type. while in many
other features, absence of lacunae and the mildness of attack
on maternal tissues, it approaches the plicate type. The
secretion of the placental glands appears to be at first of minor
importance in Perameles, but, later, absorption by the
allantoic vessels is direct, increasing the value to the embryvo
of glandular secretion tremendously.

It is apparent that if we regard the above grouping as a
rational one, the allantoic placenta can be regarded as being
of a central primitive type from which development in cither
direction might easily have proceeded.

And the very real relation of the allantoplacentation in
Perameles to that of the Carnivora—the relation of the
simple to the slightly more complex—shows that the Carni-

NO. 265 N
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vora, as suggested by Hubrecht and upheld by Assheton,
exhibit, of the Eutheria. the most undifferentiated arrange-
ment.  The trophoblastic * heaping up ' is common to the
allantoplacenta of both Perameles and the Carnivora.
This 1s fundamental, and is sufficient evidence of the fact that
the emulative type of placenta is the more primitive.
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9. DESCRIPTION OF FIGURES.

The outlines of all figures have been drawn with the aid of
Zeiss’s camera lucida, then enlarged by means of the panto-
graph and details filled in by freehand.

LisT or REFERENCE LEITERS.

all.. allantois. «all.cap., allantoic capillary. all.ent.. allantoic entoderm.
all.ones., allantoic mesoderm. all.pen., penetration of the allantoic meso-
derm. all.sl., allantoic stalk. all.ves.. allantoic vesicle. wmn., amnion.
ana., anastomosis of the two portions of the sinus terminalis. bil.omph.,
bilaminar omphalopleure. cav., cavity contained in syncytial nests.
ch.mes., chorionic mesoderm. ch.ect., chorionic ectoderm. coel.w., coelomic
wall of the allantoic vesicle. cyl., cytoblast (cytotrophoblast). emb.,
embryo. ex.coel., extra-embryonal coelome. ex.syn., maternal syncytium
of the extra placentalarea. ex.syn.n.,syneytialnuclei of the extra-placental
arca. g.c., multinucleate giant cell. gl., gland. gl.ep., gland epithelium.
inf., infiltrated material (? lymphatic) contained in the cavity of a syncytial
nest.  dng., material ingested by the plasmodiblast. leuc., lencocytes.
mat.cap., maternal capillary. mn.ch., marginal chorion. wmwue., uterine
mucosa. musc., muscularis. pb., plasmodiblast. pb.., plasmodiblast
nuclei.  pgm., aggregations of pigment in the plasmodiblast. plac., allan-
toic placenta. pl.syn., maternal syncytium of the placental area. proa.,
proamnion. syn.#., nuclei of the maternal trophospongia. #roph., maternal
trophospongia. wasc.omph., vascular omphalopleure. wv.omph., vascular
omphalopleure.  wit.a., vitelline artery. wil.v., vitelline vein. yk.cav.,
volk-sac cavity. y4.s., yolk-sac. yl.spl., yolk-sac splanchnopleure.
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EXPLANATION OF PLATES 9-11.

PrLaTE 9.
Fies. 1-8, 10-12, PERAMELES OBESULA, 6-1 mm., Fic. 9, PERAMELES
OBESULA, 12:5 mm,

Figs, 1, 2, and 3.—Nections showing the arrangement of syncytial
nuclei as a more or less irvegular layer round a central cavity. Note the
vesicular shape and chromatic eharacteristics of these nuclei. Note also
mtruding leucocytes,

Figs. 4, 5, and 6.—Phases in the earliest growth of the plasmodiblast.
In fig. 4 the syncytial nuclei are already undergoing degeneration under
the effect of the plasmodial advance processes.

Fig. 7.—Plasmodial attack on a gland. Note the breaking down of the
gland epithelium on one side. Here also ingested material is evident in the
plasmodiblast.

Fig. 8.—Another stage in plasmodiblast formation. The cytoblast is
a well-defined layer. Note presence of leucocytes.

Fig. 9.—Shows the vesicular and degenerate appearance of foetal
nuclei at this stage with close apposition of maternal and foctal vessels.

Figs. 10, 11, and 12.—Photomicrograpbs of sections through a branched
gland just outside the area of the first fixation of the chorion (sce Text-
fig. 1).

Prate 10.
Figs, 13-16, 19. PERAMELES GUNNI, 6:6 mm. Fies. 17, 18, PERAMELES
OBESULA, 12-5 mm. Fics. 20, 21, PERAMELES OBESULA, 7 mni,

Fig. 13.—Placental area towards the centre. showing the commence-
ment of the disorganization of the cytoblast allowing maternal capillaries
to approach the surface. The very superficial position of one of these
capillaries is, however, very exceptional for this stage. Note the penetration
of the plasmodiblast nuclei into the syncytial nests.

Fig. 14.—Section of somewhat more peripheral portion of the same area.
A distinet cytoblast is present and a plasmodiblast in which giant cells
and ingested material are outstanding features. This figure should be
compared with Maximov’s fig. 1 of the rabbit.

Figs. 15, 16, and 17.—Show attachment of allantois and disorganization
of cytoblast to allow of the apposition of foetal and maternal blood-vessels.
Figs. 17 a, b, ¢, d. e—Stages in the degeneration of a foetal nucleus.

Fig. 18.—Section of the central portion of the placenta showing the
following : breaking down of cyvtoblast, almost complete filling of syneytial
nests by foctal nuclei, penetration of allantoic capillaries and almost final
apposition of maternal and foetal blood-streams.
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Iig. 19.—Placental area showing section throngh a gland. Note dis-
appearance of gland epitheliwm, the enlargement of the gland lumen at the
apex and the tendency to form lateral slits in the plasmodinnm.  This
section shows well the intruding lencoeytes of the large mononucleate
type.  The plasmodiblast shows a particularly noteworthy giant cell,
pigment patches, and ingested material.

Pig. 20.—Nection of placental arca towards the margin. Cytoblast is
intact. The nests are well filled with plasmodiblast nuclei.

Pig. 21.—Nection of placental area at the margin. For description sce
text.

Prare 11.
Fics. 22-27, PERAMELES ¢UNNI, 6-6 mim.  Fr¢. 28, PERAMELES OBESULA,
7 mm, Fr¢, 29, PERAMELES OBESULA, 6-1 mm.

IMig. 22—Nection showing structure of the hilaminar omphalopleure.

Note the extreme vacuolation of the ectoderm cells.

Fig. 23— The yolk-sac cireulation. For description see text.

I"ig. 24— Diagram showing the relation of the embryo to its membranes.

Ifigs. 25, 26, and 27.—Pigment-bearing cells: fig. 25 of the secrosa,
fig. 26 from the conneetive tissue, and fig. 27 from the trophoblast.

Iig. 28.—Neetion through the mouth of a gland.

Ilig. 29.-—Shows the relation of a plasmodial proliferation to a group of
syneytial nuclei.



